Su¢ ciently fast and large disruptions to the continuous price process are referred to as jumps. Cojumping arises when jumps occur contemporaneously across assets. This paper …nds signi…cant evidence of jumps and cojumps in the US term structure using the Cantor-Fitzgerald tick dataset sampled over the period [2002][2003][2004][2005][2006]. Cojumping frequently occurs in response to scheduled macroeconomic news announcements, however, around one-…fth of cojumps occur independently of any news announcements.
Introduction
Understanding the process by which bond prices evolve is fundamental to our knowledge of this market. In particular, the characterisation of disruptions to the underlying price process, or jumps, represents an important piece of the temporal dynamics puzzle.
For example, Piazzesi (2003) and Johannes (2004) In the high frequency domain, Tauchen and Zhou (2006) estimate the jump intensity, mean and variance of 10 year US Treasury bond rates sampled at a 5 minute interval.
They use this information to parameterise a jump risk measure, which they relate to movements in credit spreads.
The purpose of this paper is to identify and characterize jumps in the US Trea- consider the relationship between jumps and news across a range of asset types. The bond market presents an interesting and unique opportunity to extend this cojumping literature. Unlike other asset markets, the US Government Treasury markets trade a range of near identical assets, which are distinguished only by maturity and coupon.
As such, it is interesting to consider the extent to which jumps occur simultaneously across the term structure. This distinction is potentially important as the detection of concurrent jumps across di¤erent maturities has very di¤erent implications for bond market dynamics compared to the situation where individual bond maturities jump in isolation.
Having established the presence (or otherwise) of jumps in the data, the second objective of this paper is to characterise these jumps. Speci…cally, our focus is on understanding jumps that disrupt the entire term structure, which we argue represent the most interesting and signi…cant jump events. To explain these term structure wide disruptions, we draw from the news announcement literature which shows that the unexpected component of scheduled macroeconomic news has a signi…cant e¤ect on the US Treasury market (see Ederington and Lee, 1993 . This literature suggests that macroeconomic news announcements may be responsible for generating jumps in high-frequency bond price dynamics. As such, our paper is related to that of Piazzesi (2003) , who …nds considerable improvements in pricing across the yield curve when the potential for jumps associated with FOMC decisions is included. Andersson (2007) also notes the e¤ects of FOMC decisions on bond markets using high frequency data.
The results of this study produce signi…cant evidence of frequent jumps in bond prices. Further, cojumping across two or more maturities is also common, including a large number of cases where the entire term structure jumps. For the latter, jumps across the term structure typically occur in association with a scheduled news release, although not all news releases generate jumps. Where a news release does generate a jump however, the observed return is signi…cantly larger than where news is released that does not generate a jump. Further, news related cojumping is usually associated with a shift in the term structure consistent with the sign of the news announcement surprise. This is not the entire story however, as a number of jumps in the term structure are observed where there is no news surprise and conversely, news surprises do not always generate a jump. These anomalies remain the subject of ongoing research.
The remainder of this paper proceeds as follows. Section 2 discusses the theoretical relationship between the term structure and the arrival of news to the market. Section 3 describes the price process and the econometric methods used in testing for univariate jumps. Section 4 introduces and summarizes the data. The empirical application of jump tests to the Treasury bonds data is considered in Section 5, with formal univariate tests and the application of a coexceedance measure of cojumping. These cojumps are subsequently related to news using intradaily analysis in Section 6. Finally, Section 7 concludes.
News and the Term Structure of the Yield Curve
The expectations theory of the term structure of interest rates attributes the shape of the yield curve to a consensus forecast of future interest rates. In this context, any macroeconomic news that impacts on bond prices should a¤ect all maturities and simultaneous jumps should be observed. This pure expectations theory of the term structure assumes risk neutrality, which is generally regarded as unrealistic. As a result, this theory has long been discounted as a possible explanation for the term structure. A number of alternative explanations have been proposed, which focus on some form of liquidity preference theory or preferred habitat behaviour based explanation for the term structure.
The liquidity preference theory of the term structure assumes that longer term rates are higher than the average of expected future rates by an amount equal to a liquidity risk premium. This premium re ‡ects the relatively higher risk of long bonds, given their greater potential for capital loss before maturity. The liquidity premium hypothesis suggests that long bond prices should be more responsive to the arrival of sensitive news than shorter maturities, so that information driven jumps may be more frequent at the long end of the yield curve.
The liquidity preference theory implies a risk premium which rises uniformly with maturity, which is unrealistic (albeit technically possible). Market segmentation theory also augments the expectations theory with a risk premium, but in this model the premium is not linked to maturity. Instead, investors are assumed to operate solely within particular segments of the yield curve and local supply and demand ultimately determine the equilibrium price for a bond at any given maturity. Investor preference for a particular maturity range may be a function of market characteristics (investors may prefer short-term instruments for reasons of liquidity) or re ‡ect asset-liability management constraints. For example, insurance companies and pension funds typically have predictable long term liabilities, which they hedge by matching to long dated bonds. Commercial banks however, have a portfolio of short and medium term loans which prudent banking practice dictates should be funded by liabilities of a similar maturity. Thus, the segmented market theory assumes that bonds are not substitutable and the supply and demand for short-term and long-term instruments are independent. Modigliani and Sutch (1966) extend this model by removing the assumption of rigid market segmentation. Their preferred habitat theory argues that investors may be induced to move out of their chosen segment of the yield curve, where a risk premium is paid that re ‡ects the marginal investors aversion to reinvestment risk.
The market segmentation/preferred habitat model suggests that speculators may be more active at the short end of the yield curve (where liquidity is higher) compared to the long maturity markets, which are dominated by institutional investors hedging long dated liabilities. In this case, news may generate a relatively greater response in short maturity bond prices as speculators alter their portfolio holdings whereas fund managers do not (unless that news happens to impact on the liability position of their portfolio). Thus, under a preferred habitat theory, jumps may be more prevalent in short maturity bonds compared with longer maturities.
As discussed in the introduction, the empirical evidence on the importance of macroeconomic news announcements on bond pricing is well established; see inter alia Ederington and Lee (1993) Becker, Finnerty and Kopecky (1996), Fleming and Remolona, (1997, 1999a A relatively small number of papers have considered the responses of di¤erent bond maturities to the arrival of macroeconomic news. Barrett, Gosnell and Heuson (2004) found that the unexpected news component of four announcements had the same impact across the maturity spectrum using zero coupon yields. In contrast, de Goeij This latter result is supported by Gurkayanak and Wolfers (2006) who use improved data on expectations, based on the relatively new options contracts on future data announcements, and also …nd that the news impact is broadly increasing from the short end to the longer end of the curve.
Identifying and Measuring Jumps
Analysis of high frequency asset market data focuses on measures of the underlying volatility of the data generating process. The price of the asset is assumed to evolve as a continuous process of the form
where p t represents the price of the bond at time t, and the right hand side terms represent a continuous, locally bounded variation process, a s ; a strictly positive stochastic volatility process with well de…ned limits, s , and W s is Brownian motion. Returns in this process are de…ned as r t = p t p 0 and the associated quadratic variation is given by
where the notation [r; r] t is taken to denote the equivalent of variance at time t (and commensurately [r; q] t represents a covariance between r and q). It is well known that asymptotically the quadratic variation in equation (2) can be approximated by realized variance, that is the sum of n squared returns sampled at frequency : The subscript is used to identify the sampling frequency such that in expressing the realized variance,
r t+j ; = p t+j p t+(j 1) are the period returns within the day. Although realized variance has proven to be a useful concept in high frequency analysis, it is also apparent that there are spikes in the daily realized variance potentially due to underlying events a¤ecting the markets. The search for a means of identifying these spikes led to a literature on jumps in realized variance; see particularly Barndor¤-Neilsen and Shephard (2004a) and . This consists of augmenting the continuous process given in equation (1) with a potentially discontinuous jump component as follows
where the …nal term is the jump process with c jt a non-zero random number, and N is a count variable, representing the number of jumps.
The quadratic variation associated with this equation is given by
Barndor¤-Nielsen and Shephard (2004a) show how to separate the jumps using bipower variation. 1 This technique for separating jumps relies on the observation that forms other than realized variance also converge to the true quadratic variation given in equation (2) . In particular the Barndor¤-Neilsen and Shephard (2004a) test exploits realized bi-power variation, which consists of the standardized sum of the product of consecutive returns given by
The coe¢ cient of standardization is the mean of the absolute value of the standard normally distributed random variable, 1 = p 2= : Bi-power variation has the property that
It follows that asymptotically as ! 0
where the di¤erence between realized variance and bi-power variation provides a consistent estimate of a jump. In a …nite sample it is possible that the sample bi-power variation may be negative, so it is convenient to truncate the measure of jumps at zero and de…ne the jumps J t+1 ( ) as
In order to select statistically signi…cant jumps the jumps test statistic under the null hypothesis of no jump is de…ned as
An estimate of t+1 Z t 4 (s)ds is provided by the realized tri-power quarticity, T Q t+1 ( ).
where 4=3 = 2 2=3 (7=6) (1=2) 1 : Huang and Tauchen (2005) however, have shown that a statistic based on substituting T Q t+1 ( ) into equation (7) tends to over-reject the null. As such, the test statistic implemented in this paper contains a correction based on modifying the denominator of equation (7) (see also Andersen, Bollerslev and Diebold, 2007) as follows
The test is then implemented for chosen signi…cance levels. In practice, the signi…cance level chosen has to be quite high as the test tends to …nd rather a large number of jumps -see Beine et al (2007) . Pending the discovery of a formal solution to this problem, we limit the number of jumps by specifying a signi…cance level of 0.05.
Data
Previous research on US bond markets has typically focussed on the GovPX dataset, which brings with it a number of issues related to identifying trades, matching the The average trade size for the 2 year bond is highest (averaging $US12 million) and this falls progressively as the bond maturity increases to the 30 year bond which has an average trade size of just under $US2.5 million. We omit a more detailed discussion of the volume and trade ‡ow properties of this data in the interests of brevity.
In order to apply the univariate jump testing procedures described in Section 3, the trade by trade data must be sampled at discrete and equal time intervals. There is a lively debate in the high frequency literature about the nature of this sampling interval, including the advantages and disadvantages of sampling at higher frequencies and resampling (see Aït-Sahalia, Mykland and Zhang 2005, Oomen, 2006, and Oomen and Gri¢ n, 2007). In general, a trade-o¤ exists between sampling as frequently as possible to obtain maximum information and sampling from a noisy price signal. Selecting a sampling frequency is further complicated by issues surrounding the choice of sampling method. The usual approach is to take the last trade price in the interval as representative of all traded prices in that interval. This potentially leads to the problem of scrambling, where information is assigned in a way that distorts the true time interval between the observations. Sheppard (2006) shows that scrambling problems can bias the covariance and may be used to justify lower sample frequencies.
While univariate tests of optimal sampling frequency do exist, the results are not consistent across di¤erent maturities. 2 As such, we choose to consider a range of di¤erent sampling intervals (5, 10, 15 and 30 minutes) to ensure the robustness of The daily realized variance for each of the four maturities sampled at a 5 minute frequency are presented in Figure 2 . The realised variance for the other sampling frequencies are qualitatively consistent with those presented. Realized variance is lowest in the 30 year contract and highest in the 5 year maturity. As indicated in Section 3 the tests for jumps focuses upon comparisons of realized variance with bi-power variation and we proceed to investigate this issue in the next section. Table 1 shows the rejection frequency of the univariate jumps test given in equation (8) for the di¤erent maturities at the 5% signi…cance level -that is the proportion of total observations which are jumps. Where the data is sampled at a 5 minute frequency, jumps are found in the 2 year bond price series on 891 days in a sample of 1168, or 76.3% of the time. The 30 year bond exhibits the second highest number of jumps (620), that is, a jump occurs on 53.1% of the days in the sample. 3 The intermediate There is some evidence in the literature to suggest that jumps may exhibit daily seasonality. For example, Das (2002) …nds that jumps are more likely to occur on Wednesdays, which are attributed to option expiry e¤ects. While it is not possible to incorporate day of the week e¤ects in the jump testing procedure, it is possible Figure 3 shows the jumps tests results for each of the maturities for the 5 minute sampling interval as the exceedance of the sample statistic over the critical value, and provides visual con…rmation of the prevalence of jumps in each of the maturities and the 30 year bond in particular. Casual observation of these plots suggests a degree of coincidence in observed jumps, as many of the large critical values appear contemporaneously across maturities and clustering in jump activity also appears common. In the next section, we consider this issue more fully and introduce a formal measure of cojumping.
Empirical Results

Univariate Jumping
Cojumping
In addition to applying univariate tests to identify jumps in the prices of individual bonds, the extent to which bonds of di¤erent maturities cojump may also be considered. To identify cojump events in the data, we use a technique that is based on the identi…cation of co-exceedances, as introduced by Bae, Karolyi and Stulz (2003) in the context of …nancial market contagion and extreme events. 4 The coexceedance approach to identifying cojumping counts the number of times the estimated jump test score exceeds a pre-determined threshold across di¤erent maturities. The threshold is given by the critical value of the jump statistic, which will be determined independently for each series under consideration. More formally, denote d i;t; as a binary variable taking the value 1 when returns in bond of varying maturity subscripted i; where i = 1:::n; (sampled at frequency ) contain a jump as indicated by the univariate jumps test,
The number of co-exceedances for a jump in bond of maturity j recorded at time t can then be calculated as a simple sum of d i;t over all i 6 = j;
which in the current application of 4 maturities, n = 4; means that E j;t varies discretely between 0 and 3:
5 Table 2 presents the number of co-exceedances associated with an observed jump in the maturity shown in the …rst column. With 15 minute sampling, the 2 year bond is observed to jump uniquely (the number of co-exceedances is 0) on 177 occasions, and with one other bond of unspeci…ed maturity 99 times, and contemporaneously with all the maturities in the sample 99 times (3 co-exceedances). The …nal column in the table gives the total number of jumps recorded across all maturities and sampling frequencies. Table 2 reveals that cojumping across all 4 maturities is clearly the most frequent event. It is interesting to note that while the univariate jump output did not exhibit any daily seasonality, the same cannot be said of these cojumping data. For example, in the 30 minute data, the entire term structure jumped on 66 days. The percentage of cojumps across the term structure occuring on each of the days of the week is 9.1%, 23.0%, 20.0%, 12.0% and 36.0% from Monday to Friday respectively. Thus, cojumps are less likely to occur on Mondays or Thursdays and more likely to occur on Fridays.
The same pattern is evident in the data sampled at a higher frequency, although the di¤erences between the days of the week becomes less pronounced as the sampling interval shortens.
The results in Table 2 allow some characterisation of jumps by maturity structure.
The 2 year maturity has more jumps than other maturities and a relatively high proportion that are unique jumps. The proportions of unique jumps in the 5 and 10 year maturities are relatively low, which means that they are more likely to jump in conjunction with other bonds. The 30 year bond exhibits fewer unique jumps than the 2 year bond, but more than the middle maturity bonds at all sampling frequencies.
The 15 minute sample data highlights these aspects of our results: 177 (40%) of the 2 year jumps are unique, only 23 (9%) and 34 (12%) of the 5 and 10 year jumps are unique, and 65 (23%) of the 30 year jumps are unique. In the 5 minute sample data the corresponding …gures for the unique jumps in the 2, 5, 10 and 30 year bonds are 24%, 2%, 4% and 12%. Overall, these results tend to suggest a stylized representation of the yield curve jumping more at both ends than the middle, consistent with elements of both the liquidity preference and preferred habitat theory. 5 An alternative approach to identifying and measuring cojumping events may be to apply the univariate jump test to spreads. Such an approach is not feasible however, as unlike prices, the spread data do not exhibit discontinuities. This means that the jump test applied to the spread at any reasonable level of signi…cance will fail to detect any such events. The authors would like to thank the anonymous referee for suggesting this approach. To explore further the term structure of these jumps we re…ne the co-exceedances reported in Table 2 by maturity structure. Table 3 Table. The results are consistent with Table 2 in that combinations involving the shorter maturity bonds display more cojumping behaviour.
The most frequent type of cojumping is where all assets jump on the same day.
The next most frequent event is a jump involving three assets at the shorter end of the maturity structure (2, 5, 10) and the pair at the short end consisting of the 2 year and 5 year (2,5). There is then a mixture of results. On the one hand, pairs and triplets involving both ends of the maturity structure examined here (that is including the 2 and 30 year bonds) jump relatively frequently, supporting the earlier supposition that information may enter from both ends of the term structure. The least frequent cojumping events occur when only one end of the maturity structure is involved, for example the middle pair (5,10) and the non-contiguous pair (5,30).
Intraday Timing of Jumps
While the discussion of the previous section has identi…ed evidence of jumps occuring simultaneously across the term structure on a given day, it cannot be assumed that these episodes occur contemporaneously. 6 To investigate this possibility, the precise timing of any given jump is determined using an approach motivated by Beine et al (2007) . Speci…cally, on a day in which a jump is identi…ed, the returns for each sampling interval in the day are ranked in terms of their absolute value for each maturity. This ranking is then compared across maturities to identify the time period during which the largest absolute return is observed. To limit the scope of the reported results, we only formally consider the case where all 4 maturities cojump within the exact same interval of a given day.
7 Table 4 provides a detailed breakdown of the intraday timings and shows that the majority of the cojumps across all maturities (henceforth cojumps) occur in the interval Table 4 6 Jacod and Todorov (2007) distinguish between disjointed jumps -which occur on the same day but at di¤erent times -and common jumps on a pairwise basis. 7 We tested the sensitivity of these results to other options and found they are qualitatively unchanged. For example, where we consider the case where 3 maturities experienced their largest intradaily return in the same interval, and the remaining maturity experienced its second largest intradaily return in that interval. also contains a row labelled 'other', which records the number of times cojumps occur within a time interval that is not associated with these three major news release times. The row labelled 'unallocated'summarises the number of instances in which common jumps were recorded on a given day across maturities, but the intraday returns did not correspond to a particular time period.
Sources of Jumps
The evidence of Section 5.3 suggests that most jumps in the term structure of the yield curve coincide with times when macroeconomic news is commonly released to the market. 8 To investigate this further, we gather information on the timing and content of 23 major macroeconomic announcements over the sample period. 9 Knowlege 8 It is evident that a number of jumps occur in the absence of scheduled news events. One possible explanation would be that these jumps are in response to news events other than scheduled macroeconomic announcements. For example, at all sampling frequencies a jump is detected on 20 April 2005, which is the date on which US Secretrary to Treasury McClellan held a press conference in which he commented on reissuance of 30 year Treasury bonds. Jiang, Lo and Verdelhan (2007) have found evidence relating jumps to liquidity pressures captured in the order book. Another possibility is that the jumps in the bond market are in response to events in other asset markets. For example, Dungey and Martin (2007) provide evidence of spillovers from equity to bond markets. Explaining jumps in the absence of scheduled news events and their causes is beyond the focus of this paper, but remains an area of ongoing investigation by the authors. suggests that it may not be the act of releasing information to the market, nor the estimate itself, that is important. Rather, it may be the extent to which the actual announcement di¤ers from the expected, ie. the surprise content of each announcement, that determines the response of the market to the information release. Expectations are captured using the Bloomberg median survey forecast estimate for each news item.
The surprise in each series is described as 'above' ('below') expectations, when the announced outcome is greater (smaller) than expected. A 'no surprise'result is recorded when expectations accord with the actual release. To account for the di¤erent units of measurement across the various news items, each surprise is standardized by the corresponding standard deviation of all surprises for that particular news release over the sample period. In cases where more than one news release occurred on the same day, the sum of the standardized surprises was recorded as the net surprise for that day.
10 Table 5 summarises this data. Of the 1168 days in the sample period, news is released to the market on 684 of these days and 312 of these releases are above expectations and 329 are below expectations. On only 43 days did the median survey forecast accord to the actual news item released. The remaining rows of data in Table 5 record the number of jumps associated with news announcements for di¤erent sampling frequencies. The numbers recorded di¤er from those in Table 4 as not all news releases occur at the times shown. For example, the 5 minute data reveals that of the 224 days on which cojumping is observed, one or more news items are released to the market on 153 days. The news surprise is above expectations on 71 days, below expectations on 75 days and meets with the markets expectations on only 7 days.
Overall, these results show that the proportion of news days on which there are jumps is relatively low, between 8 percent for the 30 minute sample and 22 percent for the 5 minute sample. Negative news was more likely to record a jump than positive news, even after controlling for the higher prevalence of negative news items in the sample data.
The direction of the jumps in the term structure may relate to the surprise content of the news release. For example, Figure 4 provides a snapshot of the shift in the term structure for an above and below expectations non-farm payroll news event drawn from the 5 minute data sample. The three lines describe the shift in the yield curve at time Index. 10 The average of the standardized surprises was also considered and the results are qualitatively unchanged from those discussed here. t; t + 1 and t + 2 (which correspond to 5; 10 and 15 minutes respectively) from the prevailing price at the time of the news event. Note that sensitivity analysis to the return as calculated from a starting point 5 minutes prior to the news release showed no discernible di¤erence in the results. The left hand panel in Figure 4 is for December 6, 2002 on which day non-farm payrolls were released with an expected …gure of +35,500 and an actual …gure of -40,000. In response to this news, bond prices rose which is consistent with a downward revision of the outlook for the economy. The right hand panel relates to May 11, 2004 when non-farm payrolls were expected to be +175,000, while the actual release was much higher than expected at +337,000. Bond prices fell across the maturity structure consistent with stronger expectations for economic growth (and higher in ‡ation).
This example for the release of non-farm payroll news is typical for the majority of news releases that are associated with jumps in bond prices. That is to say, where the release of news generates a jump in prices, the move in term structure generally corresponds to the direction of the news surprise.
Further insights into the sources of bond price cojump behaviour can be obtained by distinguishing between the di¤erent types of announcements. As days with multiple news releases are problematic when trying to identify the source of a cojump, only days on which one announcement is made are considered. Further, the focus is limited to the 5 minute data, which provides the greatest number of days for analysis. Recall from Table 4 that there are 112 days on which all maturities jump simultaneously within the day. Multiple news announcements are observed on 61 of these days and 16 days had no scheduled news releases. Thus, there are 35 days on which all the maturies simultaneously cojumped and only one scheduled macroeconomic news announcement occurs. Table 6 lists the di¤erent announcement types that are associated with these Figure 4 : Shift in the term structure associated with a non-farm payrolls announcement. The left panel is the response to payrolls being -75,500 less than expected, the right panel is the response to payrolls being 162,000 more than expected. The release dates are given as YYYYMMDD.
35 cojump days. Note that these measures of surprise are in units appropriate to that release and are not comparable. For example, the average surprise component across all housing starts announcements is 89,830 houses, with a maximum recorded surprise of 256,000 and minimum of 7,500. Retail sales on the other hand is measured as the total monthly percentage change, with an average surprise across all announcements of 0.39% and a maximum (minimum) surprise of 1.5% (0.0%). Table 6 summarises the number of occassions each of the news items is associated with a jump, as well as the nature of the surprise component of each announcement. For example, of the 57 retail sales announcements, 7 generated a jump -two of these are associated with an above expectations surprise, 4 with a below expectations surprise and 1 with no surprise. The maximum absolute surprise that generated a cojump is 0.6%, which is less than the maximum surprise across all of the announcements. The average surprise associated with these cojumps is 0.3%, which is below the average announcement value.
Summarising the results across the ten di¤erent announcements, the average surprise is typically larger where jumps occur, but the largest surprises may not be associated with jumps. For example, there are large surprises in the GDP, retail sales and trade balance announcements that are not associated with jumps. The exceptions are factory orders and housing starts where jumps occur at the maximum surprise. On the other hand, jumps also occur at the minimum surprise, which is zero in most cases.
Thus, the size of the surprise component in the announcement does not necessarily relate to the likelihood of a jump. 11 In the context of the existing literature, the current results extend the association between jumps and scheduled news (Piazzesi 2006 ) and jumps and surprise events (Johannes 2004) , to include the existence of both large surprises without jumps and jumps with no surprise information.
The Determinants of Bond Price Jumps
To provide a more formal context in which to assess the relationship between jumps and news, a panel logit model is speci…ed where the probability of a jump is speci…ed as a function of the release of news to the market. Further, drawing from the previous analysis that suggests the possibility of daily seasonablity in the cojump data, day of the week dummy variables are also included. Thus, the model to be estimated is of the form 
where I(J it > 0) is an indicator function that transforms the latent continuous variable J it for maturity i in trading day t into the binary variable J it , indicating the occurence of a jump, D k is a dummy variable for the day of the week for Monday through to Thursday and D N EW S is a common variable across maturities that captures the release of news to the market. We estimate a random e¤ects model where
which captures the unobserved heterogeneity across the propensity of di¤erent maturities to jump. The 'correct' speci…cation of D N EW S is not obvious and a number of di¤erent possibilities are considered. In the …rst instance, a news dummy is constructed that takes a value of unity on days on which news announcements are made and zero otherwise (D 1 N EW S ). While it is possible that the action of releasing news may cause price discontinuities, it may be argued that jumps are more likely to result from the markets response to the content of the announcement. One possibility is has a positive impact on the probability of observing a jump. To assess the signi…cance of this e¤ect, the marginal e¤ects of news releases on jump probability are presented in the …nal column. In this model, the marginal e¤ect of news releases is to increase the probability of observing a jump by 5%.
Where the alternative speci…cations for the news variable are considered, the estimated results reveal that the day of the week dummy variables are unchanged in terms of their sign and signi…cance. Further discussion is therefore omitted for the sake or brevity. Where the news variable is respeci…ed to capture postive or negative changes in the macroeconomic variable (ie. D 
Bond Returns and NewsAnnouncements
Further insights into the impact of news on bond prices are obtained by following
Balduzzi, Elton and Green (2001), who regress the return from …ve minutes prior to the news announcement to 30 minutes afterwards on the size of the news surprise. In light of the discussion that links jumps to news releases, this model is augmented to include an interaction term for the presence of jumps. Thus, the regression equation takes the form:
where r t is the return (log price di¤erence of traded prices sampled immediately prior to the news release to the next sampling period), S t is the standardized news surprise, D t is a one-zero dummy indicating whether the news event was associated with a jump in the term structure and " t is the error term. Table 9 reports the estimation results for each maturity and sampling frequency. These results indicate that above expectations news for the economy decreases bond 
where represents the impact of a $US1 billion trade on the return for the given interval. Table 10 reports the estimation results for each maturity and sampling frequency. The results reveal that the estimated volume coe¢ cients are typically insigni…cant for all maturities and sampling intervals, except the 5 year bond where is signi…cant and positive for the 5, 10 and 15 minute sampled data. Thus, for the 5 year bond, higher trading volume is associated with higher returns. Most importantly, the estimated and coe¢ cients are virtually unchanged compared to those estimated for the regressions that omitted the volume control at all maturities and all sampling frequencies.
Conclusion
This paper builds on an emerging literature which attempts to understand the process by which bond prices evolve. We …rst identi…ed signi…cant disruptions to the price dynamics for US Treasury bonds using univariate jumps tests across a variety of sampling intervals. The concept of cojumping was introduced as a means of exploring whether jumps occurred together across the maturity structure, consistent with expectations theory of term structure, or were predominantly associated with short term assets, consistent with preferred habitat theory, or longer term assets, consistent with liquidity theory. The empirical results showed that the US Treasuries tended to cojump across maturities, but that there were also more unique jumps at both ends of the curve, providing some support for both liquidity and preferred habitat behaviour. In around two-thirds of the sample, cojumping across the maturity structure coincided with a scheduled US news release, con…rming earlier results that news has a signi…cant impact on Treasury bonds. However, not all news was associated with a signi…cant disruption in the price process, and the size of surprise in the news is not necessarily directly related to the existence of a jump. The direction of the shift in the term structure in response to news was consistent with expectations: news which added to in ‡ationary pressures decreased bond prices. Additionally, the presence of jumps was associated with a stronger response to a news surprise than where no jump is observed. Jumps which occured without any identi…able news event were not readily distinguishable from the jumps associated with news, although they tended to be somewhat more likely to be associated with negative news. The evidence on jumps in bond prices explored in this paper indicates the complexity of the dynamics in this market, stimulating future research into the transmission of shocks, the response of the term structure and interactions with other asset markets.
